Introduction
Solid oxide fuel cells (SOFCs) are one of the most promising power generation systems because they are highly efficient, pollution-free and are able to directly convert the chemical energy into electrical energy (1) (2) (3) . The state-of-the art commercial SOFCs systems generally use the hydrogen produced from hydrocarbon fuels by an external reformer. SOFCs have a strong advantage of direct utilization of hydrocarbon fuel without an external reformer. However, the carbon deposition occurs on the most widely used Ni cermet anodes which leads to deactivation and fracture of the cell or stack when under severe operating conditions (4, 5) . Nevertheless, many researchers continue to study SOFCs for the direct utilization of hydrocarbon fuels due to the significant benefits they offers. These benefits include; it's abundant supply, low-cost and its compatibility with a current and well-developed gas distribution infrastructure (6, 7) .
The alternative anodes for Ni cermet with a reliable metal such as Cu-based metals or oxides have recently been investigated to prevent carbon coking. Perovskite-structured anode materials such as La 1-x Sr x Cr 0.5 Mn 0.5 O 3 (LSCM), Sr 2 MgMoO 6-δ , and La substituted SrTiO 3 demonstrated good tolerance towards carbon coking at high current load conditions where sufficient oxygen ions were provided. It also showed, a comparable performance using hydrogen and a high resistance to carbon deposition when using hydrocarbon fuels (8) (9) (10) 2 with propane and butane fuels because of their high catalytic activity in relation to direct hydrocarbon oxidation (11) . However, when methane is supplied to these anodes, the oxide anode showed a lower power density than that of the conventional Ni-based anode due to insufficient electrical conductivity and catalytic activity with respect to methane. The modified oxides are emerging up by infiltration of various catalysts such as Ni, Pd, and Rh to enhance their activity of hydrocarbon fuels (12, 13) . However, many problems still remain unsolved such as; carbon deposition, poor stability by metal coarsening and poor uniformity. Recently, insitu exsolution of metal particles from A-site deficient oxides has attracted attention as a potential solution to these problems. The characteristics such as; population, size, and composition of exsolved nano-particles can be easily controlled (14, 15) . Also, as the exsolved Ni particles are pinned to its surface, it can prevent their agglomeration and carbon-wire growth. However, this oxide has very low electrical conductivity in comparison to Ni and other metal, the additional work are still required for applying in practical SOFCs by optimization of their composition and cell configuration.
Thus, in this study, we applied the A-site deficient perovskite (LCNT, La 0.8 Ce 0.1 Ni 0.4 Ti 0.6 O 3 ) as a catalyst layer on Ni-cermet anode; this cell configuration can compensate for the low electrical conductivity of oxide anode and carbon deposition of Ni cermet anode. Finally, the LCNT/Ni-ScSZ/ScSZ/LSM-ScSZ electrolyte supported cells showed much improved durability and power density without any degradation from carbon deposition when using methane fuel at 800 o C. Furthermore, the LCNT/Ni-GDC/GDC/LSCF-GDC anode supported cell also showed 1.1 W/cm 2 of maximum power density as high as that of non-catalyst layered Ni-GDC cell at 650 o C with hydrogen. 2 •6H 2 O) were used in the proper stoichiometric ratios. The oxides and carbonates were dried at different temperatures depending on the nature of the precursor and weighed while hot (300-800°C). All the precursors were quantitatively gathered into a beaker and mixed with acetone and Hypermer KD-1 dispersant. After breaking of agglomerated powder by ultrasonication, the powder was dried in an oven. Then, the contents of the beaker was moved into a crucible and calcined at 1000 °C for 12 h in order to decompose the carbonates, water and start the nucleation of the perovskite phase. After calcination, the powder was milled for 1.5 h in a planetary ball mill at ~200 rpm again, and pressed into dense pellets and fired for 12 h at 1450 °C. The sintered pellets were crushed and ballmilled for 1 h at 1100 rpm.
Experimental

Fabrication of Single Cells
The electrolyte supported and anode supported single cells were employed to measure their electrochemical activity with hydrogen and methane fuels. The ScSZ powder was pressed into pellets and fired in air at 1500 o C for another 12 h to obtain a dense support. The screen printing inks were prepared by using planetary ball milling in LSM-ScSZ/NiO-ScSZ and α-terpineol with 10 wt% of Hypermer KD1 dispersant (Uniqema). After this step, the slurry was added to an ink vehicle, consisting of 15 wt% PVB (polyvinyl butyral, Butvar, Sigma-Aldrich) in α-terpineol and mixed again. The LSM-ScSZ and NiO-ScSZ inks were screen-printed onto each side of a dense ScSZ support (300 ㎛) with thickness of 30 ㎛ and fired at 1200 o C for 3 h. Then LCNT catalyst layer screen printed on NiO-ScSZ anode and fired at 1100 o C for 3 h. In these button cells, both anode and cathode had a surface area of 0.5 cm 2 . Anode supported cells consisting of Ni-GDC/GDC/LSCF-GDC were fabricated for electrochemical characterisation. The Ni-GDC (10 wt% of carbon black) anode supports were fabricated by a uni-axial pressing method and burn-out at 1150 o C for 3 h. GDC electrolyte was deposited by dip-coating method and sintering at 1350 o C for 3 h. After LSCT layer formed on Ni-GDC, the LSCF-GDC cathodes (LSCF:GDC = 50:50 wt%) screen printed and sintered at 1000 o C for 2 h.
SOFC Cell Test
The performances of the electrolyte supported cells were analyzed at 800 o C in H 2 (50 ccmin -1 at standard ambient temperature and pressure) or dry methane (50 ccmin -1 at standard ambient temperature and pressure) without any balanced gas at the anode and air (500 ccmin -1 at standard ambient temperature and pressure) at the cathode. The anode supported cells were evaluated at 650 o C in H 2 . The I-V curve, durability and impedance data were measured using between 10 5 Hz and 0.1 Hz were recorded using an IM6 and ZENNIUM workstation (Zahner-Elektrik GmbH & Co.KG, Germany).
Results and Discussion
Ni on the anode enables methane gas to directly reform to syngas such as hydrogen, carbon monoxide and carbon dioxide. The syngas further undergoes a electrochemical reaction with oxygen ions which are transported from the cathode to three phase boundaries (TPBs) of anode through the electrolyte under load conditions. In an ideal reaction (equation 1), direct electrochemical oxidation of methane without its chemical cracking, methane directly can be oxidized by lattice oxygen ions from the mixed conductor like as doped ceria oxide. However, it is required to carefully control the current flow and gas flow rate to minimize the carbon deposition. The ideal reaction exists within the three phase boundary at the inner anode, not in the outer anode where oxygen ions cannot reach.
In the outer of Ni anode support, the pyrolysis reaction (equation 2) mainly occurs and suffers carbon deposition due to lack of oxygen ions.
With the Ni exsoluted-catalyst layer for reforming of methane, the anode support can be protected from carbon deposition. Carbon growth and deposition over Ni has been extensively researched, deposition of a carbon source onto the metal surface, dissolution of the carbon into the bulk of the metal and finally precipitation of carbon as a fiber at the metal particle. But in this research, the exsoluted Ni particles pinned on the backbone oxide prevents the mechanism of carbon growth. Also, through this layer, it produces more hydrogen which is less molecular weight and faster reaction kinetic than of methane.
As shown in Figure 1(a) , CO and H 2 are reformed at the catalyst layer for electrochemical reaction with oxygen ions at TPBs as equation 2 and 3. Figure 2 . The ScSZ electrolyte supported single cells were evaluated using pure H 2 and CH 4 as fuel, air as oxidant respectively, at 800 o C. The I-V curves and impedance spectra in H 2 at 800 o C are displayed in Figure 3 . In order to further study the electrode polarization (Rp) during cell performance, the impedance measurement was conducted under open current voltage (O.C.V) condition. The impedance spectra consists of at least three semicircles and intercept with the real axis: high frequency arc (Q H R H ), mid frequency arc (Q M R M ) and low frequency arc (Q L R L ) as non-ohmic resistance (Rp=R H +R M +R L ) and ohmic resistance (Rs), suggesting that the high and mid frequency resistance could be assigned to surface activation, charge transfer process while the lower frequency resistance with gas diffusion and conversion reactions. The high frequency interception (Rs) is Ohmic resistance which is mainly caused from the electrolyte. The maximum power density with catalyst layer shows 0.22 W/cm 2 , higher than 0.19 W/cm 2 of non-catalyst layered cell at 800 o C. Two or three semicircles were roughly observed on impedance fitting plot and considering response frequency. Figure 3c and 3d. It indicates that surface activation for hydrogen and charge transfer process improved, but there is no big difference at low frequency because it is not a reforming reaction.
The catalyst layer explicitly affects the stability and performance with methane at 800 o C as shown in Figure 4 . The O.C.V. and maximum power density of the catalyst layered SOFC showed a value of 0.915 V and 33 mW/cm 2 . This is higher than that of 0.882 V and 22 mW/cm 2 for the non-catalyst layered SOFC. Although O.C.V. values of both cells have lower than theoretical value of ≈ 1.1 V due to the insufficient thickness of anode to fully react with methane and a slower kinetic in comparison with it of hydrogen, it is confirmed that the catalyst layer enhances O.C.V value and stability for methane. Rs pyrolysis of methane (equation 2) is an endothermic dissociation reaction that the C-C bond is weaker than the C-H bond. The catalyst layer was also applied on a Ni-GDC anode supported single cell to achieve a higher performance at lower temperature, 650 o C. The I-V curves and impedance spectra are displayed in Figure 5 . The maximum power density Rs and Rp values for catalyst-layered SOFC shows over 1.1 W/cm 2 , and 0.07 and 0.1 Ωcm 2 , respectively, which is slightly higher than that of non-catalyst layered SOFC at H 2 . Figure 6 shows the microstructure of LCNT catalyst layer after a cell test in H 2 at 650 o C.
The firing temperature for forming the layer in fabrication procedure needs to reduce for higher porosity to enable better gas diffusion, as well, the temperature and duration time of reduction require to increase for higher population of the exsoluted Ni particles. The performance of Ni-GDC anode supported single cells with LCNT catalyst layer is now analyzing in CH 4 and presenting in the conference. 
Conclusions
Non-stoichiometric perovskite (La 0.8 Ce 0.1 Ni 0.4 Ti 0.6 O 3 ) material for a catalyst layer to direct reforming of methane was successfully prepared. The effects of this layer on electrochemical performance of SOFCs have been investigated. The electrochemical results from ScSZ electrolyte supported cell using H 2 and CH 4 as fuel and air as oxidant showed that LCNT can be successfully utilized as a catalyst layer to prevent the carbon deposition and reforming of CH 4 ; a maximum power density of ScSZ electrolyte supported cells with LCNT showed 33 mW/cm 2 with 2.5 Ω cm 2 of ASR at 800 o C with operating in CH 4 . Further, any performance degradation in H 2 by the catalyst layer on Ni-GDC anode supported cell could not be significantly observed.
